Developing an Artefact Library by Mutty, Alexandra Brooke et al.
Worcester Polytechnic Institute
Digital WPI
Interactive Qualifying Projects (All Years) Interactive Qualifying Projects
April 2013
Developing an Artefact Library
Alexandra Brooke Mutty
Worcester Polytechnic Institute
Allison Marie Thibault
Worcester Polytechnic Institute
Katlin Bess Davis
Worcester Polytechnic Institute
Melissa Ann Haughn
Worcester Polytechnic Institute
Follow this and additional works at: https://digitalcommons.wpi.edu/iqp-all
This Unrestricted is brought to you for free and open access by the Interactive Qualifying Projects at Digital WPI. It has been accepted for inclusion in
Interactive Qualifying Projects (All Years) by an authorized administrator of Digital WPI. For more information, please contact digitalwpi@wpi.edu.
Repository Citation
Mutty, A. B., Thibault, A. M., Davis, K. B., & Haughn, M. A. (2013). Developing an Artefact Library. Retrieved from
https://digitalcommons.wpi.edu/iqp-all/1668
DEVELOPING AN ARETFACT LIBRARY 
Interactive Qualifying Project Report completed in partial fulfillment of the Bachelor of Science 
degree at Worcester Polytechnic Institute, Worcester, MA 
 
Submitted to: 
Professor Ruth Smith, Advisor 
Professor Stephen Weininger, Co-Advisor 
 
In Cooperation with  
Elizabeth Poulter, Inspire Engineering Officer 
London Transport Museum 
 
Katlin Davis 
Melissa Haughn 
Alexandra Mutty 
Allison Thibault 
________________________________ 
________________________________ 
________________________________ 
________________________________ 
 
 
 
 
 
       April 24, 2013 
____________________________ 
Advisor Signature 
 
____________________________ 
Co-Advisor Signature 
 
 
 
 
 
  
 
 
 
Abstract 
 
The London Transport Museum’s Inspire program seeks to excite students about science, 
technology, engineering, and mathematics (STEM) through the incorporation of objects in 
engineering presentations. We have reviewed research in object-based learning, cataloging, and 
outreach programming, and have conducted interviews with museum staff and engineers. In 
response, we developed an artefact library of over ninety transportation objects and their 
backgrounds, and a training program designed to help engineers better engage students in STEM 
related discussions. 
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Executive Summary 
 
 In recent years, the need for workers in science, technology, engineering and 
mathematics (STEM) related disciplines in the United Kingdom has grown, but the numbers of 
trained individuals entering these fields has not increased with it. STEMNET, a national 
initiative to increase the number of STEM graduates, utilizes volunteer engineers to speak with 
students about the benefits of pursuing a career in STEM. Research conducted in the last twenty 
years has found that interactive learning works well for engaging students. As museums have 
shifted from traditional methods of exhibition to more engaging displays, the London Transport 
Museum (LTM) has been moving away from simply presenting to students, and now 
incorporates more interactive object-based programs. One program, Inspire, has over one 
hundred volunteer “engineering ambassadors,” but few objects for them to work with and no 
system for managing the items. The objects they sought were ones that could be used to present 
an engineering topic in an exciting way. The problem addressed by this project was the 
disconnection between resources in Transport for London (TfL): the ambassadors, who already 
have an audience in the schools, and the objects, which were available through various TfL 
contacts, needed to be brought together by an organized library of objects available for use by 
ambassadors. The creation of the library and training program was guided by four main 
objectives: 
 To identify, obtain, and create detailed records for suitable engineering objects 
 To create a storage system that safely contains objects and allows for items to be 
checked in and out 
 To construct a database  containing all object information that can be accessed online 
 To create a training program that educates ambassadors about how to use the database 
and effectively incorporate objects into their volunteer work 
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 The methods used for achieving these objectives included reviewing journal articles, 
conducting interviews, and attending workshops. We reviewed research into museums’ work 
with interactive exhibits in order to understand the role and purpose of these institutions.  We 
also reviewed work with object-based learning to understand the best techniques that could be 
used by the ambassadors when they try to engage the students during presentations by bringing 
a tangible representation of the abstract concepts that are being presented. We interviewed 
museum staff and engineers on object handling, labeling, and purposes. The first step in 
developing a functional artefact library was to obtain objects, and this was achieved through 
correspondence with a variety of contacts within TfL. Once the objects were accumulated, it 
was necessary to collect information about them for use by the ambassadors. This end was met 
through interviews with engineering ambassadors and museum staff, site visits to TfL offices 
and work places, and correspondence through e-newsletters and email. The information was 
then organized into fact sheets, and made accessible online to the ambassadors. The online 
database houses all the collection information. A storage system for the objects had to be 
devised; through consultations with museum staff, we determined and implemented the most 
feasible method of object storage using plastic bins and securely wrapping items. 
 We have found that objects need to be handled with care, and need to meet certain 
requirements to be used in schools. Those requirements limited what objects we were able to 
keep in the collection, and what restrictions had to be in place for handling. To best preserve the 
objects, a storage system that can safely contain objects both when traveling and not in use is 
essential. We’ve elected to use bubble wrapped boxes, bags, and carrying cases to ensure items 
are protected, and have dispersed items between three locations. All the object information 
needed to be collected in one easily navigated online database accessible to all ambassadors. A 
Wikispace was created at www.artefactlibrary.wikispaces.com to contain all object information, 
links to external content, and object-based learning information. The object-centered training 
session had to provide instructions on how to use the artefact library, and provide helpful 
information for ambassadors on using objects with students. We created a PowerPoint 
presentation and accompanying script to guide the facilitator in charge of the training, and a 
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number of handouts on accessing the library, using objects, and sample activities for 
ambassadors.  
 We recommend that the artefact library be kept up to date by obtaining more objects for 
the collection, and continuing maintenance on the database wiki. If possible, further 
improvements can be made to the artefact library by upgrading the bubble-wrapped object 
casings to more permanent foam cut-outs for objects to rest in. The evaluations created for the 
training session should be used to take in ambassador feedback, and the program should be 
adjusted accordingly to ambassador needs. We further recommend that an experienced 
engineering ambassador come to help with the training session, and speak with ambassadors 
about their experience to better prepare ambassadors for working with students. Finally, we 
recommend that the artefact library be publicized so that the ambassadors will be aware of this 
resource and how it can further their mission of promoting STEM.  
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Introduction 
 
 Museums are constantly seeking new and innovative ways to engage the public and 
promote learning. This is achieved through educational exhibits, interactive displays, workshops 
and outreach programs. In the past, museums have primarily relied on visual presentations of 
artefacts, but in accordance with educational research conducted in the last twenty years, many 
museums are now shifting towards a more interactive learning model. Additionally, some 
museums are also seeking to interest students in science, technology, engineering, and 
mathematics (STEM) related subjects, as the national need for educated workers in STEM fields 
grows. While the need for engineers is high, the numbers of students going into engineering or 
science related fields are low. The term “engineer” is used in the U.K. to describe a variety of 
professions, from academically trained, highly specialized engineers to repairmen and train 
drivers. As part of this, engineering has acquired the stereotype of being a “dirty job” that 
carries little respect, and is not a highly desired career path. The London Transport Museum 
embraces the new hands-on approach to learning to combat the engineer stereotype and engage 
students in STEM topics through the use of objects in engineering presentations.  
 One outreach initiative that the London Transport Museum has undertaken is the Inspire 
program, which currently includes over one hundred Transport for London (TfL) staff who 
volunteer as ‘engineering ambassadors’ and visit secondary schools to talk with students about 
transport engineering.  Previous research has shown that allowing students to handle pertinent 
objects during such programs is more effective in stimulating interest among students than are 
abstract talks alone, and the ambassadors hope to take greater advantage of these methods of 
object-based learning in the future. Currently, only a small portion of the engineering 
ambassadors take objects into schools with them, and the museum would like to extend this 
practice across the entire program. 
 The core problem of this project was a disconnection between the resources the London 
Transport Museum has to offer outreach programs and those that are currently being used.  The 
museum had access to a small collection of objects but lacked a procedure for incorporating 
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them into school visits thoroughly and systematically.  The program needed a broader collection 
of items, an organized storage and retrieval system for the items, and training for ambassadors 
on how to use these objects to facilitate discussion and learning. 
 The goal of this project was to create an artefact library of identified transport 
engineering tools and develop a training program on how to use the library for object-based 
learning. We had four main objectives: to identify and obtain transport engineering objects that 
expand and diversify the current collection; to create a storage system that will safely contain 
objects and allow for objects to be checked in an out; to construct a database that contains 
object history, storage location and other pertinent information; to create a training program that 
educates the ambassadors about how to use the database and effectively incorporate objects into 
their visits.  
This project, in addition to its relation to the museum, also carries a broader social 
significance. Throughout the U.K., professions in STEM, especially engineering, have suffered 
from negative stereotypes and a consequent lack of interest amongst youth in these careers. To 
maintain its standing as a global leader, the U.K. needs to halt this trend and encourage students 
to consider these fields. Organizations, such as Transport for London, have sought to combat 
this trend by developing programs to engage youth in STEM topics. This project contributes to 
the efforts to encourage students to consider careers in STEM. 
 Reviewing research from academic journals, interviews with experts, and first-hand 
experience in museum settings were the main methods of information collection.  We examined 
educational and engineering journals and museum resources in order to find information on 
object learning, handling and cataloging.  We met with engineers and museum staff to gain 
understanding of what objects are needed and how to utilize them.  Concurrently, we attended 
museum workshops to gain insight into what approaches are effective in student learning. These 
methods enabled our group to develop a system that allows all the ambassadors access to 
objects and information on how they are used in order to better facilitate learning during their 
visits.  
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Background 
 
 This section details the results of research into museum functions and programs, 
learning styles, object-based learning, and the London Transport Museum’s Inspire program. 
We explored the role of museums in educating, and their transition from primarily using 
didactic learning to interactive object-based learning. The Inspire program is a product of the 
museum’s shift towards object-based learning styles, and is the heart of this project. 
Museum Overview 
 
Museums, though familiar to many, are so varied in focus and scope that they can be a 
challenge to accurately define. Museums are institutions that specialize on the collection, 
conservation, and exhibition of culturally significant objects and ephemera. They may 
concentrate on the heritage of almost any facet of human knowledge or experience and they 
vary tremendously in breadth and depth. A museum must be dually concerned with education as 
well as entertainment, for visitors must first be drawn into the museum before they can begin 
learning from the collections within (Macdonald, 1990). This duality of focus on entertainment 
and education can address both the interests and needs of the audience; success in both areas is 
of key importance to the success of an institution, and it poses unique challenges to finding the 
proper balance necessary for achieving the purpose of a museum. 
Purpose and Goals of Museums 
 
Individual museums may have their own particular missions and goals, but many 
primarily concern themselves with teaching, which is typically achieved through the realization 
of subsidiary goals. These goals include the collection and preservation of materials, the 
creation of effective in-house exhibitions and outreach programs beyond the museum walls, and 
audience-appropriate interpretation of displayed objects. Our project deals most directly with 
the last two of these subsidiary goals, particularly with the development of educationally-
valuable presentations and socially relevant interpretations in museum outreach activities.  
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Since the 1990s, many museums have undergone a transition in their understanding of 
what constitutes effective learning and how it can be achieved, though some museums have 
used modern approaches to learning since the 1970s. Museum exhibits used to be the primary 
method museums offered for learning opportunities, and exhibits have traditionally been 
designed primarily by curators with the purpose of providing factual information about an 
object in the museum collection for visitors to absorb largely on their own. In this traditional 
approach, the museum curator took the lead role in exhibit planning and educational staff 
played a supporting role (Czajkowski and Hill, 2008). The research of Eilean Hooper-Greenhill 
influenced museums to shift how they achieved their goal of educating the public away from 
relying only on the linear transmission of knowledge through written facts and towards the 
construction of knowledge through a more interactive museum experience (Fritsch, 2007). In 
light of this new philosophy of learning, educational staff has played an increasingly integral 
role in the way museums operate, and these educators work as a team with curators, designers, 
evaluators, and managers to develop exhibits as well as other learning resources that will 
encourage engaged rather than passive learning (Czajkowski and Hill, 2008). Actively engaging 
the public’s interest in a subject has become a key focus of museum exhibits and programs. 
 Many museums have shifted their goals to reflect the need to engage their visitors in 
learning, and these goals include “contribut[ing] positively to social change and to widening 
access to collections,” (Galloway and Stanley, 2004). The first of these goals has been 
addressed by many museums by changing the context under which information is disseminated 
and the interpretations which are made available. Before the shift in focus to constructive 
learning, museums largely relied on a one-way style of information transmission to visitors that 
is analogous to a professor giving a lecture to students. In this model, the professor (or museum) 
was the authoritative expert on the topic and the students (or museum visitors) were expected to 
absorb the knowledge as it was presented and to accept the single perspective offered. In light 
of the research supporting constructivist learning, many museums have shifted towards learning 
through dialog inspired by museum objects and facilitated by museum educational staff. Under 
this new, more interactive model, many perspectives and interpretations were available to 
visitors, and the visitors themselves were engaged participants in the conversation rather than 
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being mere observers (Czajkowski and Hill, 2008). Additionally, the dialog that was provoked 
by this model broadened the view of an object and provided social perspective. By talking about 
an object, participants in the conversation gained the perspective to see an object in its larger 
cultural context rather than as a singular, isolated artefact. Also, by understanding the social 
context and impact of an object, visitors were more likely to be engaged in the conversation and 
the related learning because they could see more clearly how the object related to themselves. 
Implementation of learning through participation and dialog to achieve a broader social view 
has taken the form of interactive programs within the museum as well as participatory outreach 
programs that extend beyond the museum. These methods for learning were more in line with 
participatory dialog model than the traditional museum exhibit with accompanying placard of 
information that a visitor could read without truly being engaged. Museums, of course, still 
offered placards with their exhibits, as this method of teaching may have been ideal for some of 
their visitors who were already interested in the subject being presented. Interactive methods of 
teaching have been designed to be engaging to both visitors who are already interested in the 
topic and those who are not. 
To achieve the second of Galloway and Stanley’s goals, many museums have sought to 
extend learning beyond the museum itself. Two of the most common strategies were the 
development of museum websites so people can virtually visit the museum from a remote 
location and the creation of outreach programs. Outreach programs were inherently able to 
affect a broader range of people than a museum exhibit (West, 2013). Museums have long been 
associated with the elite, and have accordingly been faced with cultural barriers to wide-spread 
participation, particularly among young people (Galloway and Stanley, 2004). Outreach 
programs have helped to deconstruct the elitist view of museums by making museum content 
more accessible and widely available and, in many cases, tangible.  
How Learning Goals are Met Through Museum Programs  
 
Many museums have implemented in-house learning programs and off-site outreach 
programs that help them achieve the two goals set forth by Galloway and Stanley. Here we 
investigate a few particular programs which have been notably successful for their respective 
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institutions. In order to engage an audience, a museum must first interest them in the 
surrounding knowledge; hands-on activities either in a museum or other setting are a key tool 
that museums use to accomplish this end. In 2009 the University College London (UCL) 
museums began an outreach program called The Thing is… (West, 2013). This program 
endeavored to provide thought-provoking discussions, interactions and engagement in a setting 
outside the museum using a single object rather than a collection to raise questions about 
societal issues. This purpose is consistent with both of the museum goals set forth by Galloway 
and Stanley (2004). In The Thing is…, museum educators went to schools or community venues 
with only a single object and they conversed with the participants rather than simply delivering 
information. The dialog in this program that was inspired by the singular object usually shifted 
to larger social issues connected with the object, while in discussions that focused on a 
collection of items, conversation tended to move only between the objects and not towards a 
broader cultural perspective. Also, the educational staff functioned in this program specifically 
as facilitators who not only guided the conversation and provided information, but also 
participated on the same level as the audience. By doing this, the educational staff succeeded in 
actively engaging the audience rather than merely talking at them. (West, 2013). In The Thing 
is…, the UCL museums, which specialize in topics including Egyptology, ethnography, 
geology, archeology, art, zoology, and the history of science, were able to widen the audience 
by taking their program to places where they could engage people who may not have visited the 
museum on their own. They engaged the audience with accessible rather than the traditional 
methods of presenting information. Additionally, by having the focus on a single object rather 
than a collection of items, the UCL museums facilitated conversation towards a larger cultural 
perspective that may not have been achieved through a traditional in-house museum exhibit. 
The Detroit Institute of Art (DIA) was another institution that sought to achieve the 
goals set forth by Galloway and Stanley.  In 2002 when the DIA was looking to restructure the 
museum, major consideration was given to the perspective of the visitor and the goal of 
providing a meaningful, engaging experience. Education department staff played key roles on 
an interdisciplinary team that created galleries with the visitor in mind. Object selection, stories, 
and interpretive strategies were the three focuses of the team. Like the UCL museums, DIA was 
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able to broaden the social scope of their collection by offering interpretations that would engage 
and interest visitors through the use of “interpretive educators.” The team that created the 
galleries “connect[ed] art to human experience, and encouraged staff to think about art in ways 
other than the traditional art historical frameworks,” (Czajkowski and Hill, 2008). With this in 
mind, museum staff members were able to present collections in ways that focused on creating a 
connection between art and the personal experience of every visitor, and thus they were able to 
broaden their target audience beyond strictly people with art backgrounds and widen access to 
the benefits of their collection. 
The Fort Worth Museum of Science and History, in collaboration with the National 
Science Foundation, has experienced exceptional educational success with two of its hands-on 
initiatives: Playful Invention and Exploration (PIE) and DesignIT Studios. In PIE, which 
focused on the use of technology for creative expression, students built tiny, programmable 
computers called “crickets.” These crickets, in combination with more familiar objects like hula 
hoops, were used to create a sound garden in the museum. Similarly, in the DesignIt Studio 
initiative, students used crickets and typical arts and crafts supplies for individual creative 
expression. Both programs involved the integration of technology with more familiar objects so 
that the new interpretation of technology is combined with a sense of familiarity for the students 
(Power & Robinson, 2005). This combined environment was intentionally created so that 
students will feel comfortable exploring science and technology on their own terms, thereby 
achieving genuine understanding of the topics in a deeper way than is allowed by traditional 
text-book learning. Hands-on learning initiatives such as these taken by the Fort Worth Science 
and History Museum have been considered one of the most effective methods for actively 
engaging students in the content of the museums themselves as well as inspiring and developing 
interest in science, technology, engineering, and mathematic (STEM) topics. Additionally, by 
presenting technology in a non-traditional way, the museums have expanded the audience to 
include students who may not have a technical background. 
Each of the above institutions has employed various particular strategies for innovative 
museum activities and outreach programs that endeavor to broaden both the audience that was 
reached by the museum as well as the scope of the impact that museum learning had on that 
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audience. By reaching more people and connecting museum objects to relevant social issues, 
the above museums achieved the goals set forth by Galloway and Stanley (2004).  
Learning 
 
 Hein’s categories of learning are created from his two interconnecting theories: the 
theory of knowledge and the theory of education (Hein 1998). Both theories are based on 
continuums with two extremes, that when brought together form the four domains of learning, 
as shown in Figure 1. The theory of knowledge is founded on the opposition between realism 
and idealism.  Realism states that true knowledge is independent of the learner and that a 
specific reality exists and is not altered by the perceptions and ideas of people.   Idealism is on 
the opposite end of the continuum and states that knowledge only exists in the minds of 
learners, and that reality is different for each individual, based upon what they construct in their 
minds.  The theory of learning is based on the opposing concepts of active and passive learning.  
Passive learning is what is traditionally seen in school, with the learner absorbing the 
information in small pieces.  There is only one conclusion that can be drawn from the 
information given, and thus only one real truth.  Active learning is more of an interactive 
approach, where the learner can construct knowledge through their own investigation and 
experimentation (Hein, 1998). 
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Figure 1: The Four Domains of Learning (Hein, 1998). 
 Didactic, expository approaches to education are derived from a combination of realist 
ideas of knowledge and passive approaches to learning.  Didactic approaches are typical of 
schools, where the instructor prepares the material, and later lectures the students.  This style 
can imply that there is only one truth, and therefore only one explanation for the information 
being taught.  Museums that use this form of education often have exhibits that follow a 
particular order and have a clear beginning and end point.  The exhibits have labels and panels 
that inform the visitor of the specific learning objectives, and the subjects are arranged in 
ascending order of complexity.  This is a common approach for museum education; however it 
is often criticized for not leaving any room for the learner’s own interpretation (Hein, 1998).   
 Discovery learning offers a type of hands-on approach and can often be seen in exhibits 
geared towards children.  These types of exhibits focus attention more on the learner instead of 
the subject, and allow the learner to discover the meaning of an object through interaction.  The 
theory behind this approach is if viewers are given the necessary tools, they will logically come 
to a desired outcome.  As the subjects explore the objects, they themselves will change as they 
learn and come to conclusions that are predetermined by the teachers.  Museums that utilize 
discovery learning will have hands-on exhibits with labels that ask questions rather than give 
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information.  These questions will lead the visitor to accepted conclusions, and if these are not 
met, there will be a way to compare the theoretical and accepted conclusions.  The exhibits are 
not typically arranged in a linear fashion, but rather allow learners to explore in a way that 
makes sense to them (Hein, 1998). 
 A constructivist approach also implies active learning, but the conclusions made by the 
learner are not necessarily an “accepted truth,” but rather what makes the most sense to the 
learner.  Using the evidence at hand, the subject tries to decipher what they can, and creates 
their own meaning for the object. In order for this type of learning to be successful, two 
requirements need to be fulfilled. There must be active participation by the learner so that they 
can experiment and make conclusions about the concept that they are exploring.  The second 
component is an understanding that the conclusions determined by the learner do not have to 
conform to any standard, but simply must make sense in the mind of the learner.  Museums that 
focus on this type of constructivism typically rely on hands-on exhibits, where visitors can 
experiment and explore the various possibilities.  Most exhibits will not have well-defined 
starting and ending points, but rather multiple entry points so the visitor can make their way 
through however they would like.  There is some criticism of this approach from traditional 
educators, because learners are encouraged to use common sense to draw their own conclusions, 
and often these exhibits offer various points of view instead of a common truth.  This can be 
problematic because often there is an accepted truth, and the learner’s conclusions can be 
considered wrong by society’s standards and empirical evidence, thus the learner will leave the 
exhibit misinformed.  
 Museums apply these types of learning to best cater to their purpose and own 
philosophy.  For example, the Higgins Armory Museum in Worcester has many exhibits that are 
based upon object-based learning, and the museum has created its own approach to applying 
these learning styles in effective ways.  The museum’s exhibit philosophy is, “Fun, engaging, 
exploratory: teaching with purpose, learning by accident” (DiRodi, personal communication, 
February 3, 2013). The museum allows the public to explore the exhibits of its choosing, and 
develop ideas and meanings for the objects using a combination of personal meaning-making 
and discovery learning.  The Exhibition and Interpretation Philosophy, as shown in Appendix B, 
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also states that the objects should give the learner multiple points of access, which is a common 
trait for exhibits focusing on constructivism. The Armory has found through evaluation that a 
combination of both discovery learning and constructivism is most effective in fostering object-
based learning, and has tailored their exhibits to enable these types of learning. 
 Evaluations are an integral part of the success of museum programs, and are used to 
determine what needs to change or remain the same in order for these programs to operate most 
effectively. Evaluations were categorized by Michael Scriven (1967) into two main groups, 
formative and summative.  Formative evaluations involve assessments during the development 
of a particular program. The outcomes of the evaluation are used to change the program in an 
attempt to meet the desired goal, if still attainable.  Summative evaluation is done after the 
completion of the program and is used to assess how successful the program was, based on 
comparison of the desired and actual outcome.  A third type of evaluation used is front-end 
evaluation, which is done before the start of the program and is used to determine the desired 
outcome (Hein, 1998). 
 These types of evaluations can help shift the way museums develop exhibits, and have 
created a shift from typical school type learning, to a more hands-on and real world experience 
for the visitor.  A survey done at the Natural History Museum in London showed that one of the 
things that visitors want the most from an exhibit is the ability to feel it come to life around 
them.  They want to experience the subject and not just read about it or hear a lecture (Dean, 
1996).  Higgins Armory Museum accomplishes this real-life feeling through their various 
hands-on approaches, and then evaluates individual exhibits and programs to see what visitors 
like most. DiRodi (personal communication, February 2013) gave us the school tour evaluation 
form, which is given in house, and the educational program evaluation, which is given during 
the school outreach programs. Both forms ask the visitor about their experiences in each 
specific exhibit or show, and based on that feedback the museum has been able to create a more 
effective approach.  The evaluations, seen in Appendix B, also ask about the tour itself, but 
focus mostly on the interactive programs because the museum is based upon the philosophy that 
visitors should learn through exploring and make their own meaning based on experiences they 
have in exhibits. The shift in focus from the typical didactic, lecture based learning to a more 
15 
 
 
 
hands-on approach is evident in the number of interactive exhibits in museums such as the 
Armory, and also in the evaluations, which primarily ask about those types of programs. 
Object-based Learning 
 
 With so many types of learning, museums face a challenge in educating visitors. How 
can a museum present and educate a wide audience of differing learning styles and speeds? 
Museums are limited to their collections and their own ingenuity. They have collections of art, 
artefacts, contraptions or tools. They have physical objects and knowledge of their origins, uses 
and purposes in historical or modern society. They have books and databases and staff members 
full of information. The challenge is how to convey all this information in such a way that 
visitors will be interested, engaged, and walk away with new understanding. Object-based 
learning can help to solve this challenge. While differences in proficiency at reading or 
mathematics can foster estrangement between higher and lower functioning students, objects are 
more versatile and intellectually accessible in that each person can look at an object and find 
something to learn (Durbin, 1990). 
 Object-based learning encompasses how a person’s interaction with an object can 
prompt learning, rather than gleaning information from a book. For example, by reading a book, 
I can learn a great deal about apples. Photographs will show me that their protective skins come 
in a range of red, yellow and green colors. Words will describe to me that they have a core that 
contains seeds, and a stem from which they grew. However, holding an apple in my hand could 
tell me a great deal more. I can feel the weight of the apple in my hand, smell the fragrance, 
squeeze to understand the density, and bite to taste the sweetness. That’s not to say that 
museums are allowing their visitors to touch, squeeze, and bite their collections, however an 
object can still tell a story or supplement existing knowledge (Leinhardt & Crowley, 2001).  
 A story is a powerful learning tool. Dr. Jeffrey Forgeng, the Paul S. Morgan Curator at 
Higgins Armory Museum (personal communication, January 2013), explained:  
 “Story is essential. As human beings, we’re programmed to understand things as stories 
really well. We’re programmed to listen to stories, to enjoy stories, to look for stories. And so 
that’s a major part of what we try to do, is to create stories of various kinds…” 
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 In response to this concept, each exhibit at the Higgin’s Armory attempts to tell a story 
of some sort. In one alcove of the Great Hall lies an elaborate and decorative suit of armor 
surrounded by the tools with which helped to make the pieces of the suit. More than just a suit 
of armor, the set conveyed the time, effort, and skill to make such a fitted suit, as well as the 
wealth required to be able to afford such an item. More importantly, the display is designed to 
stimulate questions. Did someone use this suit of armor in tournaments? Was it designed for use 
or decoration? What did the suit represent in relation to the owner? Did the armor bring him 
prestige or flaunt his wealth? Each question could lead to more. Questions are key in object-
learning. While an object can tell a story in itself, the real task is to interest the viewer in the 
object, and the story behind it. 
 In studying teacher development, Gregg and Leinhardt (2002) observed how objects 
could stimulate fundamental questions. After visiting a replica of a bombed bus from the Civil 
Rights era of American history, a student teacher was amazed by how real the bus seemed. This 
experience prompted questions about whether or not the bus was authentic, and even the 
realization that the exhibit was a replica did not negate the initial feelings the observation of the 
bus engendered. The sense of authenticity gained from holding an apple or walking beside a 
bombed bus is, in essence, object-based learning.  
 As Wehner and Sear (2009) aver “[o]bjects, potentially at least, invite an empathetic 
engagement with others’ life worlds and experiences across time and space.”  
 For a person to make a connection with an object, there needs to be some context or 
story behind it. These stories are what connect a person standing in front of an object to the 
understanding behind the object. This understanding of its purposes, uses, past and present 
implications in human life, and the resulting questions that come from such understanding is 
learning.  
 Humans learn by making connections between previous knowledge and connecting to 
something new. In terms of objects, we try to find the meaning behind them. The meaning itself 
can vary from person to person, and every person can find a meaning that resonates with them 
based on past experiences (Blume, 1969). Through our own walks through museums, we have 
noticed that visitors (as well as ourselves) tend to jump from exhibit to exhibit and rarely stop at 
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each one in turn. We naturally gravitate to items and displays that we find interesting, and that 
hold some meaning for each of us as individuals. This is why object-based learning is so 
important. While every visitor may find a different meaning or connection behind the same 
artefact, the important thing is that we find that connection. That connection and interest is what 
sparks questions and research into something we had not known before.  
 While a museum can create impressive and informative displays, it is up to the visitor to 
take the time to look at one (Fritsch, 2007). This is why museums are constantly seeking new 
ideas to interest visitors in their collections. They utilize interactive and object-based exhibits to 
allow for more visitors to find something that engages them so they might continue to learn. 
 Learning can be greatly enhanced by the use of objects. A learner can develop skills in 
identifying, planning, discussing, hypothesizing, experimenting; can expand on knowledge of 
social or historical context of items, the physical effects of time, or symbolism in items (Durbin, 
1990). The challenge to overcome when utilizing object-based learning is continued interest in 
an object. Museums combat this challenge by making displays more appealing and attention 
grabbing. Research shows that objects which are particularly beautiful, famous, large, shocking, 
or have great nostalgic value garner a lot of attention. Isolating objects and highlighting moral, 
social, or ethical issues also make objects more appealing (Teixeira, 2009). An object that looks 
odd or out of place, but has a very mundane purpose that a person can relate to would be an 
ideal object to use in learning. Everyday items have been effectively used to transition a 
discussion from objects to the context beyond them. 
Specific examples in Object-Based Learning 
 
 This section contains examples of object-based learning in the classroom to better 
emphasize the positive qualities detailed in the previous section.  
Presentation 
 
 Depending on the time and day of a visit to Higgins Armory, there are several 
presentations and shows available. The Arms and Armor presentation is one of the extras the 
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museum has to offer. It is led by a staff member and delves into first the history of Mr. Higgins 
and then into the museum collections and history. Questions were asked throughout the 
presentation, ranging from “How much would you think this cost?” to “Can anyone tell me 
what this is?” Volunteers were also regularly called for, even if their only job on stage was to 
hold something. More than actively engaging the audience with questions and holding props, 
the presenter also brought her own excitement into the show. “My personal favorite...” and “I 
really like…” were used to emphasize certain weapons or suits of armor and create a connection 
between the presenter, the objects, and the audience.  
Questioning 
 
 Laurel Thatcher Ulrich, a Professor of Early American History at Harvard University, is 
a strong supporter of using objects to direct discussion and learning in classrooms. She gives an 
example of bringing a quilt into her classroom. The students can initially interest themselves in 
the pattern, the color, the degree of fade or use, or imperfections. However, much more can be 
taken from the quilt than just its singular qualities or history. A quilt can begin a discussion on 
cotton, and the implications of slavery. What of the technological advances in fabric printing? 
How did fabric play a role in industrial labor? What does the quilt say about the “cult of 
domesticity” or the role of women in society? Ulrich noted that bringing the quilt into the 
classroom not only allowed for the basis of discussion topics but allowed students to connect 
with generations past through a simple object (Ulrich, 2003). 
Mystery Objects 
 
 Mystery objects are usually odd looking items that serve a very mundane purpose. In a 
secondary classroom, one teacher used mystery objects to “enhance product analysis” in 
students. Small groups of students were given mystery items with the purpose of understanding 
what they were used for. Students were encouraged to look, draw, touch, and brainstorm 
possible functions of the object, no matter how ridiculous or unlikely they were. When using 
similar techniques for a class assignment in product analysis, the teacher found the work of the 
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students to have been greatly improved over prior work in terms of detail, skill and 
understanding. Additionally, it was noted that the students were enthusiastic about both the 
object-based activity and their work after (Stables, 1996). 
A similar mystery object technique is implemented during object handling sessions at 
the Horniman Museum in London. After being handed an item with no prior context on its 
origin or nature, an ‘ultimate question sheet’ can be used to gain as much information on the 
object as possible. These questions span from what the physical features of the object are, how 
it might have been made, what it might have been used for, the value of the object, the history 
behind the object, or if the object has an aesthetic purpose. By asking these questions, one can 
conclude more about the object than may have been previously thought by simply looking at it. 
After making initial guesses as to what the answers to these questions might be, a sheet 
containing detailed information on the object is obtained and findings from handling the object 
are compared to facts on the sheet. Most times, this questioning brings the viewer much closer 
to understanding the object than prior to asking these detailed questions. 
Interacting with Students 
 
 The London Transport Museum has the Inspire program, an outreach program aimed at 
getting secondary school students interested in STEM topics. Engineers working for Transport 
for London visit schools and talk about their experiences as engineers in efforts to excite 
students about careers in the sciences.  One of the ambassadors, Ian Rawlings, has begun to 
incorporate objects into his presentations, and has found that to be extremely helpful in 
engaging the students and giving them an illustration of engineering concepts in real life.  In the 
opening of the presentation, he asks the students questions to stimulate them right away, and get 
them to start thinking about why the object is important.  He asks students what they think the 
object is used for, and then leads them to discover the solution on their own based on follow up 
questions and prompts. Rawlings also makes a lot of personal connections between the objects 
and what the students see in everyday life.  This approach makes it easier for students to relate 
to objects that they might have otherwise thought were irrelevant to their life and uninteresting 
(personal communication, March 2013). 
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Outreach Programming 
 
 The staff members at the Science Museum in London are experts in the area of outreach 
programming. Danger High Voltage, Material World, and The Supercool Show are just a few of 
the programs they hold for secondary students. They’ve collected multiple reports and surveys 
to better understand what students, teachers, and parents enjoy seeing from these programs, all 
freely available on their website (Appendix C). They have found that the programs work well 
when props or objects the school is unlikely to have are available, students are able to 
participate in fun and varied activities, and topics are carefully chosen to interest students while 
complying with school curriculum.  
Object Care 
 
In any collection of objects, proper care is necessary to ensure that objects maintain their 
condition over time. Several environmental factors as well as the nature of the materials in the 
objects can contribute to object damage. Objects that have inorganic materials, such as metals, 
tend to be more durable over time than organic materials, which tend to deteriorate. Exposure to 
light can fade color and change the appearance of an object. Fluctuations in temperature make 
materials expand and contract, causing cracks over time. Humidity is a particular problem 
because it can lead to mold in organic materials and corrosion in inorganic materials. The 
resulting damage can alter both the appearance and structural integrity of an object. While these 
environmental factors and the damage they can cause are a concern in object conservation, the 
majority of object damage is caused by people handling the object (Horniman Museum Training 
Session Materials).  
Handling 
 
According to the curatorial staff at the Horniman Museum, damage from handling can 
be either chemical, which results from contact between the object and skin, or physical, which 
results from careless handling. The salts, oils, and acids that are found on hands can be very 
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corrosive to materials. In addition to the chemical threats posed by handling an object, the 
object is also at risk of severe structural damage should it be dropped or mishandled.  
Proper handling practices are vital to extending the life of an object in a handling 
collection. People who work with objects should wash their hands prior to handling to reduce 
the amount of perspiration and dirt that an object is exposed to. Hands should also be washed 
after handling an object because the object may carry harmful substances from its natural 
environment or germs from the hands of others who have previously touched it. For some 
objects, especially those with polished or porous surfaces or those that have dirt or grease on 
them, wearing gloves during handling is an advisable practice.     
The manner in which an object is handled is vital to its preservation. When objects are 
being handled, both the person who is touching the objects as well as the people around him or 
her should be calm and careful with their movements. Objects should always be picked up 
gently with two hands to avoid dropping it, and if possible, an object should be handled over a 
table or desk. Objects should always be supported by the heaviest part and minimal stress 
should be put on thin or fragile sections. Examining the structure and condition of an object 
prior to picking it up can reduce the danger of damage. (Horniman Museum Training Session). 
Labeling 
 
Objects must be labeled in some manner so that the physical artefact can be linked with 
the information that is known about it, but if done improperly, labeling can also damage the 
object. Methods for labeling an object vary greatly depending on the type of object, but for 
most, writing the label on the object itself is best because with this method, the object and the 
label that identifies it cannot be accidentally separated and this method can be carried out in 
ways that do not permanently alter or damage the object. To carry out this technique, a Paraloid 
base coat is applied with a brush to an area of the object that will not detract from the object’s 
appearance if marked. Paraloid is an acrylic polymer resin that is favored for conservation work 
because it does not yellow over time, it holds up to the strain of handling, and it can be easily 
removed without damaging an object. Once the base coat is dry, a unique identification number 
is written on top of the Paraloid using a thin fountain pen dipped in white ink. When the ink is 
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dry, another coat of Paraloid is applied and let to dry. Should the label ever need to be removed, 
a cotton swab dipped in acetone would take off the Paraloid and leave a clean, unmarked 
surface (Collections Trust).  
LTM Inspire Engineering Program 
 
 The London Transport Museum strives to engage visitors with more than just its 
exhibits, and frequently hosts events that are aimed at increasing and maintaining the public’s 
interest in transport related history and science. One of the most successful and highly endorsed 
programs that London Transport Museum has to offer is Inspire, which is a STEM program for 
secondary students.  The goal is to encourage young people to pursue career paths in the fields 
of science, technology, engineering and mathematics. Through efforts to arouse interest in these 
areas, STEM programs aim to increase the number of students who decide to go into these 
fields, and subsequently increase the number of highly trained minds that will help to advance 
technology in society. Students throughout the United Kingdom currently face a severe lack of 
interest in these areas, possibly stemming from a misinterpretation of what engineering careers 
involve. London Transport Museum is one of the groups that consider the effort to change this 
miscommunication important for the future success of both itself and the economy as a whole, 
and specifically gears its Inspire program towards transport engineering. This focus on transport 
engineering demonstrates to students that this field is an interesting and important one to enter, 
while they might have not previously considered a career in this field due to lack of knowledge 
on what these occupations actually entail. This program aims to inspire these students to get 
formal schooling in these areas, so that there will hopefully be a greater number of trained 
scientists and engineers to work for the transport system in the future. 
 The Importance of STEM 
 
STEM represents a variety of efforts made towards promoting the importance of careers 
in the fields of science, technology, engineering, and mathematics, and the need for an economy 
having more graduates with degrees in the STEM areas. According to recent publications, many 
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nations have neglected the importance of these technological fields, and increasing efforts 
should be made in guiding youth towards these careers (Carnevale, Smith, & Melton, 2011). 
The knowledge base that expands from STEM education, including critical thinking, 
programming, complex problem solving, troubleshooting, and analysis among other skill sets, is 
extremely crucial in many of today’s industries and professions. STEM workers “design our 
bridges, invent our medicines and our phones, and create the architecture of our buildings and 
our Internet,” (Carnevale et al., 2011) amongst other things. Without people who have the 
proper expertise in these areas, advances in technology would plateau. 
 Careers in STEM fields make a vital contribution to the success of the United 
Kingdom’s economy. Over six million people throughout the U.K. are employed in 
engineering-based sectors, and it has become increasingly important that the government focus 
its goals for the economy on these STEM related fields in order to maintain standings as one of 
the largest economies in the world (Brown et al., 2011). However, the U.K. is currently lacking 
the workforce that it needs to have this economic growth, and these “skills shortages and gaps 
have a detrimental effect on the development of economic sectors and limit the U.K.’s ability to 
innovate and grow,” (Brown et al., 2011). STEM programs aim to bridge this gap, and 
encourage youth to enter the fields that will lead to the future success of the U.K. 
Inspire 
 
 The Inspire program led by London Transport Museum and Transport for London helps 
to work towards the goals set forth for STEM based programs. Through this program, London 
Transport Museum has had the opportunity to engage young minds in the excitement and 
importance of transport related science and engineering fields. The intention of this program is 
to encourage students to pursue STEM fields in the future, and keep the number of highly 
trained individuals at a stable or increasing level, in order to promote the advancement of 
transport engineering in our society. So far, the Inspire program has reached over four hundred 
students between the ages of nine and thirteen (Johnson, 2012). During the course of the 
program, students are engaged in a series of activities that are meant to simulate different types 
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of challenges that engineers might face on the job in order to demonstrate to children the 
practical applications of engineering in everyday life, as well as the creativity and excitement 
that go with STEM careers. One activity that is held for students at the Inspire program is the 
challenge of safely delivering eggs from one location to another by building their own miniature 
rail track. Through this activity, students get the chance to solve problems using critical 
thinking, and find more efficient ways towards accomplishing the task, something that 
engineers do on a daily basis. Students interact with transport engineers who hope to excite 
them about STEM topics and encourage further coursework in these academic areas. Students 
are given the chance to ask these engineers about tasks they might face while on the job, 
different projects they’ve worked on, and other aspects of the daily life of an engineer. This is 
an important opportunity for the students involved in the program as it allows them to get a 
first-hand account of what it is like to be an engineer, and helps to give them a better idea as to 
what their future might be like if they decided to pursue a career in one of these areas. The 
engineers are often a part of a larger Engineering Ambassador program that Transport for 
London operates with help from the museum. These ambassadors are also a part of a separate 
entity known as STEMNET, which is a nationwide program that aims to encourage interest in 
STEM fields. The Engineering Ambassador program’s objective is to train engineers and other 
people working in the STEM fields in the art of engaging and exciting students about STEM 
careers. Aside from volunteering to lead programs such as Inspire, these ambassadors also go 
out to local schools to talk about their careers, lead engineering activities, deliver presentations 
and answer questions on their respective fields (Johnson, 2012). To date, over one hundred 
professionals have been trained as ambassadors on how to present effectively and elicit 
excitement from their audiences.   
Artefact Library 
 
   Our project incorporates the use of objects from an artefact library into the presentations 
that TfL engineering ambassadors give to secondary school students. Artefacts that are used on 
a daily basis by transport engineers have been cataloged in order to properly utilize and source 
them to the engineering ambassadors. We were responsible for making decisions as to how to 
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organize the items within the catalog, whether it is by alphabetical order, what type of 
engineering each item is integrated with, or some other means of organization. Through 
conversations with curators at both LTM and external locations such as Worcester Historical 
Museum, we were able to view these institutions’ organizational methods and the information 
that they deemed important for the organization of their own collections. It is also important for 
us to include as much relevant information about each artefact as possible, in order for 
ambassadors to gain a more complete grasp on the items that they will be bringing into schools. 
Some of the information from the created training session is included in the artefact database as 
well, such as what important connections can be made between the artefacts and current devices 
and technology, the relevance of these items in London’s transport system, and miscellaneous 
facts about the objects that will make them more interesting and engaging to the audience. This 
catalog and training session for the ambassadors will tie together our research on learning to its 
importance within our project’s goal of establishing and implementing a successful artefact 
library.  
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Methodology 
 
 The goal of this project was to supplement the existing Inspire program at the London 
Transport Museum with an artefact library and corresponding training program.  The artefact 
library was designed to be used by Transport for London ambassadors for work with secondary 
students, whom are the target audience for science, technology, engineering, and mathematics 
(STEM) related initiatives. Between the ages of eleven and fourteen, secondary students are 
able to choose what fields of study they want to take to complete their General Certificate of 
Secondary Education (GCSE) at sixteen. This artefact library is a tool for ambassadors to help 
encourage secondary students into exploring STEM related concepts before choosing their 
GCSE subjects. 
The project contained four main objectives.  
 To identify, obtain, and create detailed records for suitable engineering objects 
 To create a storage system that safely contains objects and allows for items to be 
checked in and out 
 To construct a database  containing all object information that can be accessed online 
 To create a training program that educates ambassadors about how to use the database 
and effectively incorporate objects into their volunteer work 
Each section below provides an overview of the methods and tasks used to achieve the 
objectives. Figure 2 indicates a schedule of tasks. 
Figure 2. Project Schedule 
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Objective 1: Identify, source, and create a detailed record for objects that are 
suitable for using in schools for object-based learning programs. 
 
The central focus of this project is on transport engineering objects, and all subsequent 
objectives depended on the existence of an artefact collection that was carefully developed and 
catalogued such that engineering ambassadors could use it as a tool when teaching engineering 
concepts. One of the engineering ambassadors, Ian Rawlings, had already begun a small 
collection that he used during his presentations. Rawlings, one of the custodians of the 
collection we developed, gave us thirty nine objects to form the foundation of the collection. 
These objects were selected to be in the collection because they meet a number of criteria. 
When considering an object for potential addition to the collection, the group had to 
critically consider many aspects of the object. One was size: objects in this collection must be 
easily transportable by an engineer into classrooms at schools around London, and thus only 
small objects were considered. Second, object availability was assessed because over time, the 
objects will need to be replaced. Due to frequent handling, the objects will essentially be slowly 
destroyed. The objects will be exposed to the moisture, salts, and acids that are found on human 
hands, and each of these can contribute to corrosion in metals. Also, some objects, particularly 
those related to signaling, have delicate parts like contacts and wires. We anticipate that over 
time, these more fragile parts will break due to being handled by students. As such, only 
common and widely available objects are suitable, as the individual items will need to be 
replaced over time due to wear. Safety was another key consideration for selecting objects to be 
taken into a classroom. Secondary students may be handling the objects during the visits, so any 
item that contains hazardous materials or sharp points or edges was unacceptable. The objects in 
the collection should represent all aspects of transport in London, including track, computing, 
electrical, civil, train, bicycle, and signal engineering. In order to equip the engineering 
ambassadors with the most complete resource possible for exploring a wide variety of 
engineering concepts. The final criterion that our group considered when selecting objects to 
add to the collection was the educational value of an object. The story behind each object will 
be utilized by the engineering ambassadors as a teaching tool and a way to connect the object 
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with the lives of the students. The engineering ambassadors will be presenting to secondary 
school students, so the concepts that can be taught with the objects should be interesting to the 
students and relevant to the curriculum, though neither too basic nor too complex. If an object 
met each of these criteria, it was considered for inclusion into the engineering ambassador 
artefact library. 
After meeting with Rawlings to acquire the objects, we obtained a contact list of 
Transport for London (TfL) engineers from our sponsor liasion, Elizabeth Poulter. We emailed 
the engineers to ask if they had any objects they would be willing to donate to our collection. 
Many engineers at the various TfL locations have excess retired engineering tools and other 
objects in their offices which were ideal to add to the ambassador library. We had great success 
in procuring more objects using this method of emailing engineers and asking for donations. 
Throughout the seven weeks, we acquired around fifty additional objects for the collection. 
For each object, a detailed record of information had to be compiled from various 
resources. The object donor was the primary source of information on an object’s purpose, use, 
and connecting stories. Oftentimes, the donor’s knowledge of an object was incomplete, and 
further research into an object’s history needed to be done. Using an object’s official name, 
manufacturing company, or visible ID number, we found information about it online. Objects 
occasionally came without any identifying numbers, in which case we emailed engineering 
ambassadors in that field area to ask for further information. More often than not, we were 
invited out to work sites to learn more about an object, or to see it in use. For objects with 
minimal to no background information, we utilized an email newsletter method. An email was 
sent to all engineering ambassadors asking them if they were “up to the challenge,” and 
challenged them to identify mystery objects. This method was very successful, and we received 
multiple answering replies for each object with either object information, or an official name to 
use for further online research. Whenever we met with an ambassador to gather information 
about an object, we conducted informal interviews. During these discussions, we drew on the 
questions laid out in the interview script (Appendix D). All the information gathered on an 
object was organized into a single fact sheet for ambassadors’ use. 
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Ideally, all sectors of transport engineering should be appropriately represented in the 
collection. Through personal communications with Rawlings and our own research into the 
origins of the objects we already had, we determined that the collection had a strong 
representation of the track and signaling sectors and a weak representation of cable car or bus 
transportation. We determined that although cable cars are different from other track vehicles, 
the track items that were already in the collection could adequately be used to demonstrate 
many of the same engineering principles that would have been demonstrated by items from a 
cable car. The engineering concepts that could be demonstrated by items from a bus, however, 
are unique in transport engineering. We have pursued several contacts in the bus sector in an 
attempt to find disused objects from a bus that we could add to our collection. We contacted 
both engineers in Transport for London as well as independent junkyards that might have had a 
retired bus. Unfortunately, none of these initial leads were successful. Items from a bus such as 
the steering wheel or the push-to-stop button mechanism would have been ideal to add to the 
collection. 
Objective 2: Devise a system where the objects can be stored and accessed 
from a range of sites across London by engineering ambassadors. 
  
A system to store the objects is essential for the artefact library, and will need to be 
easily accessible to the engineering ambassadors in order to create an effective program. The 
system is computerized, and contains information of the specific location of the artefacts in 
question, as these objects will be housed at several different locations across London.  The 
system is specific enough to identify not only the physical location in the city, but also what box 
in the storage facility the object can be found. Appendix D contains some important questions 
that needed to be answered in order to develop this system. 
 We have answered the questions found in Appendix D through interviews conducted 
with our sponsor liaison and the engineers involved with the project, as well as other museums. 
Through discussions with our sponsor liaison, Elizabeth Poulter, we have learned what means 
are available to house the objects across the city and what buildings will be used.  The objects 
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will be stored at two TfL locations, Albany House and Buckingham Palace Road, and the 
London Transport Museum. These three locations will be under the supervision of our sponsor 
liaison, and two leading engineering ambassadors Rawlings and Rowan Joachim, as they are the 
representatives of the collection at each of the locations. We have visited both Rawlings and 
Joachim at their offices to see what space they have available to store the objects. Through 
online research on the materials and manufacturing companies, and our discussions with 
Rawlings, we have found that no object in the collection needs to be stored under special 
conditions.  Therefore, no objects will need to be housed separately, and no modifications will 
need to be made to the facilities in order to accommodate these objects.  
 We have conducted interviews with Dr. Jeffrey Forgeng and Kim DiRodi at Higgins 
Armory Museum (personal communication, February 2013) in order to gain a better 
understanding of how they catalog items in storage.  Forgeng explained how the items stored 
are organized and what kind of system is used to access these items.  We also learned how each 
object is identified with the system and found that some sort of barcode or identification number 
is assigned to each item, which can then be searched on a database to show both information on 
the object and its location in the facility.  The system used by this organization also has a check-
in/check-out method so staff members can know at a specific time if an object is currently in 
use.  This will be essential for our project, as the engineers will need to know before arriving on 
site if the object in question can be found at the facility. The complexity of this system is a 
potential problem for the project, as it will become increasingly difficult as more ambassadors 
are actively removing and returning objects at different times and locations.  Rawlings and 
Joachim confirmed during our meeting that it is feasible for them to keep a record on the 
database of the object’s current whereabouts, which will alleviate this problem. 
 We have also had the opportunity to collect ideas on labeling objects from Robert Excel, 
an archivist at the London Transport Museum. He has given us information on the proper 
techniques to label objects in a collection, and from there we have developed our own system of 
identifying the objects.  We have created five main categories, with an optional sixth category if 
we are able to obtain any parts from a bus.  The objects have been separated into the categories 
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based on their functions and properties, and each object in the category has been given a number 
based on the order that they have been received.  Following the labeling technique given to us 
by Excel and using the supplies he gave us, a base coat of Paraloid was applied to a clean 
surface of the object, and then the identification number was written on it with a fountain pen. 
This identification system has been incorporated into the database and will help to keep an 
organized record of each object. 
 Using this information, we have developed our own system for the artefact library that 
has the capability of locating the objects, and also determining whether they are currently in 
their specified location or are on site with an engineer.  The objects have been labeled as 
described, and after speaking with Rawlings and Joachim, we found which locations each of the 
objects will be stored in. 
Objective 3: Create a database for objects that can be accessed online. 
 
When storing and repeatedly accessing a large quantity of items regularly over a period 
of years, it is important to have an effective and easy to use cataloging system in place to avoid 
confusion, disorganization, and misplaced items. This process of cataloging has become 
essential for the smooth operation of many museums, including London Transport Museum 
(LTM). When creating the artefact library for LTM and its engineering ambassadors, it was 
essential for us to focus on properly recording and presenting information on each item, as well 
as finding a backbone for our database that would be both simple to use and easy to navigate. 
Some of the main questions that stem from this objective are listed in Appendix D, and were 
used in subsequent interviews. 
  From these questions, we discovered some of the basic information that would need to 
be acquired for the artefact library, including what our sponsors intend for the aesthetics of the 
online database, which organizational methods are optimal for the database, and what specific 
features the site should have. Through speaking with our sponsor and the ambassadors who 
began this collection of artefacts, we were able to find out the basic expectations, both 
functionally and visually, for the database itself. They suggested that the database be easy to use 
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and structured in a way that is both simple and informative, with few requirements for the actual 
aesthetics of the database as long as it met the functionality requirements. We also met with 
curators at other museums, including the Worcester Historical Museum and the Higgin’s 
Armory, who were able to show us how they organize their own collections in an efficient way. 
While the programs used at these museums are expensive and structured to keep track of 
thousands of items, we were still able to gather important insight from these databases for our 
own system, including the need of a search function, ease of access for all users, and what types 
of information should be used.  
 After compiling these requirements for our database, we began research on different 
programs that might be suitable for this purpose. Through exclusion of expensive programs and 
database limitations, we narrowed our choices for the database down to either an Excel based 
document, a program through Microsoft Access, or our own site at Wikispaces.com. We 
presented these options to our sponsor, and she approved of each of the database methods, 
allowing us to make the final choice in program. Due to the complicated user interface of 
Microsoft Access and the lack of control over the aesthetics of a large excel sheet, we made the 
decision to create our artefact library through Wikispaces. This site has a number of features 
that will be valuable to the success of our artefact database, including the capability to make 
multiple pages for the list of items and a page on how to teach with objects. This site also allows 
us to attach documents to each page, so that we can upload the information for each item in a 
separate file, therefore minimizing clutter in the database. With this feature, ambassadors will 
not have to download detailed information for every item if they only require information on a 
specific object, which would be the case if we had used an Excel document. A search function 
is also present on Wikispaces, and can be used by giving each page a number of tags that would 
make the page easier to search for. Another feature of this site is its ability to grant certain levels 
of editing capabilities to specific users. This would allow our main custodians of the objects to 
go into the database and change it when needed or easily add a new item into the system, while 
other ambassadors would be able to view the database without having permissions to edit its 
content.  
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 Though a part of our project is to train engineering ambassadors on the use of these 
items, it will be necessary for the catalog entries to be informative and pertinent to what types of 
information an ambassador may need on the object during school visits. In order to complete 
each database entry, we have included a fact sheet and high quality photographs for each object, 
as well as other information that our sponsors and the ambassadors have deemed to be 
important. This additional information includes the location of the item, who to contact if an 
ambassador wants to use a certain object, and the identification number of each object. Each 
fact sheet can be printed out by ambassadors whenever they might need it. Another essential 
detail in the success of our database is to assess how well it is working once it has been 
established. The online database has been shown to the three custodians of the artefact library, 
who have all given it positive feedback. For future evaluation, a survey should be given to 
ambassadors after they have interacted with the site to see what they believe should be added or 
changed to allow for ongoing improvements to the system.  
Objective 4: Develop an ‘Object-based learning’ training session for 
ambassadors about using the Artefact library. 
 
 Once a collection of suitable items and the artefact library was established, the final 
objective of this project was to create a training session that would instruct current and future 
engineering ambassadors on using the artefact library in their school visits. As noted previously, 
the museum has a small collection of objects that are used in the Inspire outreach program, but 
very few of the engineering ambassadors use the collection extensively. The training program 
will help prepare ambassadors by providing object-based activities and presentation skills to use 
in conjunction with the artefact library.  
We’ve supplemented the research done in the literature review with first hand 
observations of activities with young people and a training session for engineers working with 
students. 
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Inspire Day 
 Inspire Day is an all-day event sponsored by the London Transport Museum. Its goals 
are to eliminate the stereotype surrounding engineers in the United Kingdom, and to encourage 
students to think about pursuing a career in a STEM related field. During this day, students are 
brought on tours of the Museum Depot in Acton, tasked to solve several engineering 
“problems”, and given the chance to speak with TfL engineers.  
 We observed Inspire Day to understand how adults can effectively interact with 
children. The best method, from our observations, was to ask young people questions. Rawlings 
brought an object to speak with students about. He didn’t give away what the item was, but 
encouraged students to ask questions to try to figure it out. Allowing the students to ask 
questions and guess about the object’s uses proved to be very stimulating for them.  
Training Session 
 We also observed a training session for engineering ambassadors. The training session 
included topics on how to initially interact with students and keep their attention. As well as 
observing the content of the training session, we also observed how the program was organized 
and how it kept the attention of those partaking in it.  
Object Handling 
 We attended an object handling session sponsored by the Horniman Museum in London, 
which also had some content on how to observe and analyze an object using questions. The 
content we found useful can be found in the Background. 
 Based on the information learned from these training sessions, we have put together 
what we believe to be important for a training session on object-based learning and using the 
artefact library. The program should have a PowerPoint presentation, a script or guide for the 
presenter, helpful handouts for the attendees, and an evaluation at the closing.  
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 The PowerPoint presentation must include the basic outline of the training program, but 
acts more as a guide rather than the training vehicle itself. The training should be as interactive 
as possible, with a lot of input from the attendees and activities to keep them interested.  
 The script, or guide, should detail what activities to be done with the attendees, what to 
say at each point of the PowerPoint, and how much time should be devoted to each task. 
 The handouts should have information on how to access the online artefact library, and 
any other resources they might need. The information should be limited to a page, and contain 
only the most pertinent information necessary so attendees are not deterred from reading it by 
too much text. 
 The closing evaluation should be short (take one to three minutes to fill out), and should 
contain questions on whether attendees found the training session to be helpful, what they 
enjoyed, and what they think could be improved upon.  
 After an initial outline of activates was created, we met with Poulter, who developed the 
previous ambassador training, and she advised us on improvements that could be made. Using 
the questions detailed in Appendix D, we spent time analyzing our work and discussing what 
could be changed. All of the suggestions made were taken into account when editing. The final 
training PowerPoint (with presenter’s script), the handouts developed, and the closing 
evaluation are shown in Appendices H, I, and J respectively.  
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Findings and Conclusions 
  
This section details the findings and conclusions drawn from methods described in 
Methodology. 
Objects 
 
Ian Rawlings, a Transport for London (TfL) employee and Inspire engineering 
ambassador, collected and used objects in his presentations in order to engage the students since 
before we began this project. His collection of thirty-nine objects was passed along to our group 
to form the basis of the artefact library. Before the collection could be widely used by 
engineering ambassadors, it needed to be expanded. The expanded collection of objects was one 
of the main products of this project, and the decisions we made about which objects to add to 
the collection were influenced by several factors.  
One was the storage space we had to work with. Those managing the collection 
currently are Rawlings, Rowan Joachim, and Elizabeth Poulter. Rawlings and Joachim are both 
engineering ambassadors, and Poulter is the Inspire Officer working with the program. The 
collection will be distributed between the offices of these three custodians, so the storage space 
available at each location factored into our decisions about what objects to include in the 
collection. The three locations are the London Transport Museum, the Buckingham Palace Road 
Transport for London (TfL) office, and the Albany House TfL office at 55 Broadway. Although 
the people who are currently acting as custodians will not maintain the role forever, the storage 
locations will remain the same in the future. 
When considering an object for potential addition to the collection, the group critically 
examined many aspects of the object. One such aspect was size: objects in this collection must 
be able to be easily transported by an engineer into classrooms at schools around London, and 
thus only small objects are suitable. Additionally, we found that the space at the three office 
locations where the collection will be stored is very limited. We decided that objects in this 
collection must be both compact in size and light in weight. 
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The collection we produced was intended to be a hands-on collection, meaning that the 
objects will be handled by people who have not been trained in proper object handling 
techniques. We found through discussions with curatorial staff and through our own research on 
object care that the vast majority of damage to museum objects comes from being moved and 
touched by humans, and the degradation of an object is accelerated when the object is handled 
frequently. The conditions to which objects will be subjected during frequent handling affected 
the decisions we made when adding to the collection. 
Due to this finding, we decided that object availability needed to be assessed. The 
objects will need to be replaced over time due to handling by non-professionals. As such, we 
decided that only common and widely available objects are suitable. 
An intended outcome of this project was to deliver a collection of objects that 
ambassadors can bring with them to school visits, and thus special consideration was given to 
student safety around the objects. We found through talking with ambassadors that certain 
materials, shapes, and textures could potentially be threats to student wellbeing. Our group’s 
decisions about which objects to include in the final collection were influenced by these safety 
considerations. We concluded that any item that contains hazardous materials, such as lead, or 
that has sharp points or edges is unacceptable for the purpose of this collection.  
Engineering covers an extremely broad range of fields, and even transport engineering is 
not a single profession. We found through our conversations with ambassadors that they seek to 
introduce students to the varied nature of engineering, which has suffered from the stereotype of 
being a narrow or unexciting career. Ambassadors needed objects from all sectors of transport 
in order to show the breadth of engineering, and this demand was another factor that influenced 
the criteria we used when selecting objects.  
We decided that objects must represent all aspects of transport in London, including 
track, computing, electrical, civil, train, bike, and signal engineering. The purpose of this 
standard is to equip the engineering ambassadors with the most complete resource possible that 
will enable them to explore a wide variety of engineering concepts with students. 
Finally, the goal of bringing objects into schools was to engage students on a deeper 
level and to interest them in engineering. As we learned both through conversations with 
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ambassadors as well as through our own first-hand experiences, secondary school students can 
be a challenging population to reach intellectually. We observed that when Rawlings used a 
hands-on activity during the Inspire day program, students were significantly more interested in 
the topic he was teaching than at other times throughout the day when engineering topics were 
introduced but not accompanied by an activity. Rawlings engaged the students by using stories 
about the object and analogies that the students would be familiar with. Rawlings use of stories, 
analogies, and questioning influenced what type information we incorporated into the fact 
sheets, and the availability of such information affected decisions about what objects to include 
in the collection. 
Thus, the final criterion that our group considered when selecting objects to add to the 
collection was the educational value of an object. The story behind each object will be utilized 
by the engineering ambassadors as a teaching tool and a way to connect the object with the lives 
of the students. The engineering ambassadors will be presenting to secondary school students, 
so the concepts should be both stimulating and age appropriate. We concluded that each object 
in the collection must be able to be used in conjunction with some information or story that the 
students will find relatable and interesting. The purpose of bringing objects into the classroom is 
to spark students’ interest in STEM fields and to show them the possibilities of a career in 
engineering. Due to popular stereotypes, students may be resistant to the idea of engineering. 
The object should serve as the vehicle by which the ambassador can broaden the conversation 
about engineering. 
When we collected objects from various donors, the donor was always the first source of 
information about the object. The donor may have told us the object’s name, purpose, material, 
history, or story. In every case, we were told by the donor which sector of transport the object 
came from. The donors often had collected objects that they never had worked with.  As one 
donor informed us, engineers may not know the name or even the function of an outdated item 
until it breaks. There are such a large number of objects that comprise the transportation system 
of London that no one person can be an expert on all items. We found that the donors were the 
best place to start acquiring information about the objects. Based on the information we found 
from conversations with donors, we performed further research into each object. For the objects 
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that we had the least information on, we sent an email with photos to all TfL employees that 
challenged them to reply with information about the object. We found that this was a highly 
effective method for finding information as well as for publicizing our project within TfL.    
Using the information we collected, we produced a fact sheet for each unique object, as 
shown in Appendix E. The fact sheets include the object’s name, photos of the object itself as 
well as in situ, a brief introduction to the purpose of the object, a detailed description of how the 
it works, as well as any additional information such as stories or ways to present an object to 
students. These fact sheets are intended to be used as a resource for ambassadors who will be 
presenting using the objects. Ambassadors will be able to present using objects from outside 
their area of expertise using the information on the fact sheets. We chose specific information to 
include on the fact sheets based on how helpful the information would be to an ambassador who 
is unfamiliar with an object.  
The name is an important piece of information to include on the fact sheet to ensure that 
the ambassador calls the object by the correct name when presenting. Also, the name will help 
ambassadors recognize what an object is so they can recall any information they know about it. 
The correct name is also important to have so that future research can be done and more 
information found for the object. 
Photos are included on the fact sheet because they provide the ambassador with a more 
complete idea of how the object functions. The photo of the object alone shows ambassadors 
what orientation to present the object in. The in situ photo shows the context in which an object 
is used in engineering.  
The brief description is included on the fact sheet because in order to explain the 
engineering principles behind an object, ambassadors must first know the context in which the 
item is used. This description also serves to inform ambassadors about what the purpose of the 
object is. 
The detailed description of the object itself is included to educate the ambassador about 
how the object functions to achieve its purpose. The mechanics and materials of an object must 
first be understood by ambassadors before they can present this information. 
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Finally, additional information is included in the fact sheet to give suggestions to 
ambassadors on how to present the topics demonstrated by an object. This section includes any 
stories that might interest the students, comparisons to objects that the students might be more 
familiar with, or other objects that could be used to illustrate a concept in a more detailed way 
(Appendix E). 
Storage System 
 
 The method of storage for the objects is an important piece of the project, as the objects 
should be as well preserved as possible for the longevity of the artefact library. Although the 
collection is intended for handling as opposed to exhibition, the care given to the objects will 
affect the lifespan of the collection. Measures that protect the objects while they are in storage 
and during transportation are necessary for maintaining the quality of the objects.  
 During storage, objects should be in padded containers, wrapped or contained in such a 
way to avoid damage from moving. The proper size of these containers depends on the storage 
space available at each location. The objects of the collection should be divided amongst 
various containers based on what area of engineering they represent, so as to give the system 
more organization. Similar protective casing should be implemented when transporting an 
object, to protect the object in case of a fall or mistreatment.  
 From site visits, we observed that the three locations, London Transport Museum 
(LTM), Albany House TfL office (AHB), and Buckingham Palace Road TfL office (BPR) all 
have varying levels of space available. AHB has only a bottom drawer available for objects, 
BPR has three shelves available, and LTM has a large amount of floor space available for 
storage. Division of objects amongst these storage locations should be based on space available, 
as well as an even distribution of objects from different engineering areas if possible. Duplicates 
of items should be divvied amongst the three locations, to achieve an even distribution of 
objects. To store objects, we bought plastic boxes with lids from Office Depot. Due to the 
relatively small size of most of our storage locations, we purchased nine nine-liter boxes, one 
fifty-liter box, and one sixty-four-liter box. We decided that each box would ideally contain 
objects from one particular area of engineering for organizational simplicity. In order to 
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minimize damage on loose objects, objects were encased with bubble wrap, which is an 
inexpensive solution. Larger objects such as track and bike components were stored at LTM, as 
it had the most space available. Objects relating to signals engineering were distributed evenly 
between the three locations, as they represent one of the largest categories in the collection. 
Duplicate objects were divided between the three locations.  
 When labeling objects, it is important to use the correct archival practice (Literature 
Review, p. 17). Each object in the artefact library is identified by a letter and number. The letter 
represents what area of engineering the object pertains to, such as T for track or E for electrical. 
This is followed by a dash and the object’s number in the collection. A decimal and second 
number are required if there are duplicates of a certain artefact. For example, if a cable is 
represented by E-04 and we were to obtain two other identical cables, the first cable would 
become E-04.1, and the new additions would be labeled as E-04.2 and E-04.3. This labeling 
system allows for objects to be easily identified and flexibility for objects to be added. 
 Concerns over the treatment of the objects within the collection lead to necessary 
measures that would help guarantee that the objects are well cared for. For ambassadors to 
check out an object, they must sign a contract agreeing to handle and transport the object 
properly (Appendix F). This contract specifies when the object should be returned, details on 
how to properly handle the object, and confirms that the ambassador is aware of the 
repercussions should they fail to follow the guidelines of the contract. Any damage due to 
misuse of objects will receive a fine, and all other damage should be reported upon return of the 
object. While the rigidity of this process may deter some ambassadors from checking out 
objects, our sponsor liaison finds proper handling of the objects to be of utmost importance in 
order to preserve the collection for continued use in the future. Another factor considered was 
the best practice of record keeping for the whereabouts of an object. The contract should contain 
the ambassador’s contact information, and what event they will be using the object for. The 
availability of an object should be included as part of the database, and edited by the custodian 
upon receiving a signed contract and checking an item out to an ambassador. This can be done 
by logging on to the database and editing the availability column for the object.  
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Database 
 
A database is an accessible structured set of a data held in a computer (database, 2013). 
For the artefact library created in this project, a database that could hold detailed records of each 
object and other pertinent information is required. As LTM already hosts a great deal of 
information, they preferef the database to be externally hosted or be very small.  
There were several database options to be considered. Our sponsor liaison’s initial 
recommendation was a Microsoft Excel document to be downloaded by each person who 
wished to view the database. Another possible option was a website or blog creator such as 
Wikispaces or WordPress. Microsoft Access can also be used to customize a database that can 
later be made into an accessible webpage. Table 1 is a comparison of the pros and cons of each 
option. 
 
Table 1. Pros and Cons of Possible Databases 
 
Pros Cons 
Microsoft 
Excel 
Widely used program – Comes on 
most computers, and most people 
would know how to use it. 
File size would be very large with 
every object’s information in it. 
 Object information would be awkward 
to include – Excel was not designed to 
hold anything outside of a table. 
 Object records would not have pictures 
due to file size limit. 
Microsoft 
Access 
Entirely customizable – Can change 
everything.  
Not user friendly – even pre-made 
databases are difficult to navigate. 
 Creator uses a mix of pre-made 
functions and code. Creating an 
accessible database would take a lot of 
time. 
Wikispaces Fairly customizable – Can change 
colors, layout, and navigation. 
Does not look as professional as other 
database programs. 
User-friendly. Webpages created are 
easy to find, and a navigation pane is 
always present. 
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Easy to create and edit pages.  
Has hosting capabilities – 
Documents/Pictures can be uploaded 
and directly downloaded from 
webpages. 
 
Permission capabilities – Can give 
multiple people access to edit, and 
can be viewed by anyone. 
 
WordPress Fairly customizable – can change 
layout, colors, and design. 
Blog format would limit how objects 
were organized. 
  Accessibility – Could not access 
WordPress from museum computers. 
 
 As seen in Table 1, the only database choice to have more pros than cons was the 
Wikispaces option. Wikispaces is a free web hosting service that allows for easy creation and 
editing of webpages. Content can be uploaded by administrators, and then downloaded directly 
from the site by anyone. Administrators would have to create or share an account. In 
discussions with the custodians of the collection, they expressed that they would not mind 
sharing or creating an account. We agreed to use Wikispaces for the artefact library database.  
 The custodians’ expectations of what should be included in the wiki (database) were 
discussed at length and can be summarized as follows: 
 Every object record should contain the object location, object availability, object history, 
and some identifying number. 
 The database should be viewable to everyone, but only edited by custodians. 
 The database should be easy to use, and come with a tutorial for both the custodians and 
users. 
 The expectations above shaped the creation of the artefact library database. All other 
content and database decisions were left to our discretion, but with the expectation that the final 
product should look professional. 
 The database created is a reflection of the expectations of the custodians of the 
collection, who would be the main users of the database. An account was created at Wikispaces 
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to perform the work of creating a database, and a wiki (website) was created, located at 
www.artefactlibrary.wikispaces.com. Screen captures of the wiki can be found in Appendix G. 
The main page is a welcome and tutorial, such that the engineering ambassadors who 
may have never used Wikispace before would be able to understand both how to navigate the 
wiki and find objects to take out.  
An About page was created to give an overview of what engineering ambassadors do for 
the Inspire program, and the role of the artefact library. This page was not a necessity – 
engineering ambassadors will already know this information. However, as the wiki is on the 
web, anyone can find and view the page (searching google for "london transport museum 
artefact library" will direct to our page), so the page was added for context.  
The most important page of the wiki is the Object List, which contains the database for 
the objects. From left to right, the contents of the table for each object are: identifier, category 
of transport or engineering, object name, location of object, availability, brief description, 
important information, and a photo.  
The identifier is the letter-number combination that each object was labeled with, and is 
important for finding the right object. Should an ambassador like to check an item out, they can 
be sure they are getting the right object by using the identifier rather than the name, as some 
objects can be very similar in name.  
The category of each object was added such that an ambassador looking for an object in 
their area of engineering or transport would be able to more easily find an appropriate object.  
Item name, item location, and availability were all specifications from the custodians, 
and necessary for someone viewing the database to know where they can pick up an object if it 
is available.  
The description is used as a brief overview, such that ambassadors viewing the database 
do not have to download the fact sheets or other links in the information column in order to get 
an idea of what the object is used for.  
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The information gathered is all contained in the information column, which contains a 
fact sheet for each object, and occasionally other related resources. For example, under the 
information column for a microprocessor are links for videos on the making of CPUs, and 
graphics about the expansion of computers in the world. Extra information that allow for 
relating the objects with the world is important so that ambassadors have the tools not to simply 
teach using an object, but to relate that object to engineering, and the work engineers do. 
Videos, graphics, and related articles were chosen to complement the fact sheets so as to give 
ambassadors an idea of how to connect an engineering object to the broader aspects and social 
implications of engineering.  
The last column of the database contains a photograph for easy viewing of the objects so 
ambassadors can quickly find an object they know about, or an object that looks interesting. 
Another page of importance on the artefact library wiki is the How to Use Objects page, 
which contains extra information on working with objects. Viewers can download handouts 
created for the training session containing sample activities one could use with children, 
questions they can prompt about objects, and a brief tutorial on using the wiki and working with 
children.  This also serves as a place to download training session handouts should an 
ambassador miss the session.  
The final page created was a Contact Page. Contact information for the custodians, and 
for enquiries about Inspire or the artefact library are available on other pages as well, but are 
repeated here for easy navigation.  
Other aspects of the wiki, such as the color scheme, layout, and logo were designed to 
look professional and minimalistic. London Transport museum is a professional working place, 
and while this wiki is not under their hosting, it is a reflection of them. The shade of orange 
used was designed to match the orange of their logo, and the layout simple (content left and 
center, navigation right) so as not to distract from the content. 
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Training Program 
 
The training session is an essential part of the project, as it ties the objects, the storage 
system, and the database together. Various styles of training were investigated in order to create 
an effective program for ambassadors. We were able to attend two training sessions hosted by 
separate museums, where we gathered information on possible activities and structure for our 
program. The first was facilitated by the Horniman Museum and was aimed at engaging 
students using thought provoking questions. We saw that the most common and successful 
method of training was role playing activities. The second program was hosted by Poulter at the 
London Transport Museum and focused on preparing ambassadors to work with students during 
Inspire days. We observed the success of the role play, as ambassadors were asked to simulate 
typical interactions between students and facilitators at Inspire days.  We also saw room for 
potential improvements, such as a longer session and more time for the activities.  
Another successful component of the training at LTM was the evaluation forms at the 
end of the session. In the final portion of the program, attendees were asked to fill out a short 
questionnaire about their experience, such as their favorite part and where they saw room for 
improvement.  After the training, we were able to access the results from the evaluations of 
Poulter’s session and used these comments and suggestions to tailor our program to better suit 
the needs of the ambassadors.  Poulter also gave us the results from a survey that was previously 
given to ambassadors about the Inspire program as a whole, including training days.  Using 
these resources we learned that participants enjoyed the role play and other activities as it kept 
them engaged and gave experience. They would have preferred a longer period of time for the 
activities.  In addition, there were other topics that the ambassadors were looking for in the 
session, such as specific examples to use with students and understanding what intellectual level 
is appropriate when trying to explain technological concepts.  We observed what questions 
should be included to assess a training session, and used these to develop an evaluation for 
ambassadors. 
 We had several discussions with Poulter about our proposed training session in its 
various stages of completion. She expressed to us from the beginning that our training should be 
specific to the artefact library, and should involve a tutorial of the online database, as well as 
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how to use the objects to teach and engage students.  At later meetings, Poulter made 
suggestions about the preliminary outline we had for the program.  She expressed her concern 
over the time needed to accomplish all of the activities and advised that we keep the program 
concise, but still include all of the necessary components. Using these resources, we developed 
a training session that meets both the needs of our sponsor and the ambassadors. 
The session itself will consist of a Microsoft PowerPoint with a script written for the 
facilitator, seen in Appendix H.  The proposed schedule, as seen in Table 2, shows the different 
sections of the training, and the times that these will occur.  The time allotted for each activity is 
based upon both the weight of its importance and also an estimate of how long it will take 
logistically.  For example, the role play activity that will be done by the ambassadors is 
scheduled to take up to thirty minutes because of the high importance of this activity and also to 
give ample time for the participants to complete it.   
Table 2. Training Session Timetable 
Time Activity 
17:00-17:10 Arrival and refreshments 
17:10-17:30 Introductions and Artefact Library 
17:30-17:35 Handling Objects 
17:35-17:55 Using Questions to Engage Students 
17:55-18:05 Break 
18:05-18:25 Artefact Library Tutorial 
18:25-18:50 Sample Activities 
18:50-19:00 Summary and Evaluation 
 
 
The first ten minutes of the session are devoted to arrivals and refreshments, as to 
accommodate late arrivals. The facilitator will begin the program with introductions, goals of 
the session, and an icebreaker aimed to help transition the tone of the evening to a more 
interactive and engaging session.  The first half of the session includes an introduction to the 
artefact library itself to give ambassadors a better understanding of its purpose and where it fits 
into the Inspire program. The ambassadors will then learn how to properly handle an object to 
48 
 
 
 
avoid damaging it or hurting themselves. Proper handling techniques will be provided for when 
the ambassadors allow students to handle objects.  An activity on using questions to engage a 
young audience will also be included in the presentation.  The facilitator will first present how 
to use questions to speak with students, followed by examples. Ambassadors will then be 
assembled into small groups, given a mystery object and instructed to ask each other questions 
about it in order to come to a conclusion on what the object is.  This technique can be employed 
with students to keep them engaged, and to demonstrate that they may know more about an 
object than they expect. This activity can also show ambassadors that although they may not be 
experts on the objects in the library, they are still able to discuss these items.  
After a ten minute break there will be a tutorial on the artefact library and the online 
database to help the ambassadors feel comfortable accessing the database and using it to locate 
and check out objects for Inspire Days. This will also include how to use the fact sheets to 
prepare for presentations. The facilitator will then share some sample activities that the 
ambassadors can use if they are unsure of what to present to the students.  The final activity of 
the session is to role play with a partner as an ambassador and student.  The “ambassador” will 
present an object to the “student” using the techniques discussed in the training and the fact 
sheet provided, and then the roles will be reversed. Finally the ambassadors will be asked to fill 
out an evaluation form for the session, which will conclude the training. 
At each of the training sessions observed, facilitators gave out handouts in collaboration 
with the material of the presentation.  This helped the participants to better understand the 
concepts, and also offered a point of reference if the participant wanted to look over the material 
at a later date. During the artefact library training session, the handouts located in Appendix I 
will be given out to the ambassadors.  The first will be a paper copy of how to access and 
properly use the database. They will also receive a handout on how to effectively use questions.  
This will give them sample questions they can use with students, and also provide personal 
reminders of what questions to ask themselves when picking an object out of the collection for 
the first time.  Finally the ambassadors will be given a sheet with some sample activities that 
can be used as an additional way to engage the students, or provide help if they are unsure of 
what to say.  
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 The final component of the training program is the evaluation, shown in Appendix J.  
We based our evaluation on the one used in Poulter’s training session.  The evaluation asks 
what the ambassadors liked or disliked about the program and invites any suggestions that they 
may have.  It also includes questions to evaluate how effectively the training helped them to feel 
confident engaging students with the objects and how comfortable they are with using the 
database and handling objects. 
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Recommendations 
 
In the interest of expanding and increasing the effectiveness of the engineering 
ambassador program, we recommend that the custodians continue to publicize the collection. 
All of the objects that we collected were given to us by people who heard about the project 
either through conversations, emails, or a short article that was published in the Transport for 
London (TfL) e-newsletter. Given the strong response we observed in the Transport for London 
community, we recommend continuing to publish updates in the e-newsletter in order to 
increase awareness of the collection and in the interest of adding more objects. Additionally, 
this collection should be publicized within other science, technology, engineering, and 
mathematics (STEM) communities, such as STEMNET. Other organizations may not be aware 
of the benefits of object-based presentations. Widely publicizing this initiative may inspire other 
organizations to explore the possibility of using objects to promote STEM fields to students. We 
recommend holding open workshops and publishing articles in organizations’ newsletters to 
reach a wider audience. 
 Since TfL is looking to expand the scope of the Engineering Ambassador program, we 
recommend that the collection of items be expanded through the donation of appropriate 
engineering objects. The collection should ideally represent all aspects of transport engineering 
in London, but we were unable to procure any objects related to cable cars or busses. We 
therefore recommend that in the future, appropriate items from busses and cable cars should be 
sought after for the collection. This could be accomplished either by contacting people in those 
sectors or by advertising in the TfL e-newsletter that those objects are needed. Specific objects 
that would be ideal include the steering wheel and a push-to-stop button from a bus. Objects 
from this sector should comprise their own category, which we would term automotive 
engineering. If any suitable objects were obtained from a cable car, they should comprise a new 
category in the artefact library.  
 In regards to the storage system, we recommend that the guidelines created in terms of 
safe storage and keeping track of items be followed to allow for the system to function 
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smoothly. If more items are to be added to the artefact library, they should be labeled using the 
chemical and pen method that we used to label items that are already in the collection, and the 
identification number of the item should follow the identification guidelines that are stated 
previously. When storing objects for a collection, it is important to make sure that the storage 
area remains neat and organized for ease of use. A higher budget for more durable object 
protection such as special foam or more thickly padded carrying bags is suggested. If possible, 
we recommend that more locations be acquired for the storage of objects. This will increase the 
convenience for ambassadors borrowing objects.  
 
 The database should be kept up to date by the custodians. New objects collected should 
have detailed records created and added to the database using the current format. All links to 
external content and downloadable files should be regularly checked (once or twice per month) 
to ensure that they are still working, as links can break should the online content be taken down. 
 There are many improvements that could be made to the training program if the time 
and resources are available.  In the evaluations of previous Inspire training sessions, the 
engineers were looking for experienced ambassadors to speak at the session on what techniques 
have been successful and what have not.  Currently, this cannot be guaranteed, as Elizabeth 
Poulter, the Inspire officer, is the sole facilitator of these sessions, but it could be beneficial to 
add to the program at a later date. We also recommend that after the program is given, the 
evaluations be used to make any necessary changes or adjustments.   
 Beyond the scope of this project alone, we recommend that organizations like TfL or 
London Transport Museum should continue to try to promote STEM fields to students. Without 
advancements in STEM, a nation will stagnate in a number of fields that contribute to the 
quality of life of its people. The ability of a nation to provide health services, public 
transportation, and electricity for its people; to be prepared for war; and to produce products that 
are globally in demand are all dependent on STEM. Other nations, where these professions 
carry more prestige, will continue to surge ahead technologically and economically. We 
recommend that the development of interactive engineering programs continue in order to 
interest the minds of the new generation in STEM.  
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Appendices 
Appendix A - Sponsor Description 
 
The London Transport Museum displays objects that tell the story of the development of 
London’s public transportation system over the past 200 years. Artefacts varying from original 
poster art to train cars to uniforms have been preserved and exhibited with the goal of intriguing 
people in the transport heritage of London as well as the future of transportation engineering.  
 The museum has its roots in a small collection of Victorian horse busses and an early 
motor bus that were preserved in the 1920s by the London General Omnibus Company. The 
collection was first displayed to the public in the 1960s in Clapham, and it was moved to Syon 
Park in 1973. In 1980, the museum acquired and moved into the building that had previously 
housed the flower market at Covent Garden. At this time, the collection included some 1,000 
objects, and that has increased to over 400,000 objects today. In 2005, the museum temporarily 
transferred all of its collections to the Museum Depot in Acton (Figure 3) while the cast-iron 
and glass building in Covent Garden underwent major refurbishment and renovation. When the 
museum reopened in 2007, attendance soared, and in the following year, the museum redefined 
its relationship with Transport for London and became a non-profit charitable organization 
(Johnson 2011-2012). 
The London Transport Museum’s main facility is located in the Covent Garden 
neighborhood of the borough of Camden (Figure 3). The museum also operates a depot in 
Acton which houses the collections that are not currently on display in the main facility. The 
Museum Depot is open to the public for select events throughout the year.   
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Currently, the London Transport Museum boasts three levels of exhibits at the main 
facility in Covent Garden, including the Steam Underground, Growth of the Suburbs, 19
th
 
Century London Transportation, and several smaller showcases featuring modern 
transportation. The exhibits are arranged in chronological order, starting with 19
th
 Century 
transportation on Level 2 (Figure 4). Level 2 features original and models of some of the first 
horse-drawn carriages, as well as photographs and artwork from and of the time period. Moving 
on in the chronology, Level 1 (Figure 5) features trains and carriages that were used on the first 
Underground lines and a collection of artefacts explaining how the new lines of communication 
stimulated the growth of the suburbs. The ground floor, Level 0 (Figure 6) features multiple 
smaller exhibits that take visitors through the more recent development of the Underground 
system, Transport during war times, and the growth of road vehicles during the 1900s. The last 
stop before the exit is the exhibit on Transport for London, the current governance of all the 
transportation in London, and a view of what could be coming up for transport in the future. 
Figure 3. Location of Museum and Depot 
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Figure 4. (left) Model horse drawn carriage. (right) Floor plan of Level 
2.(ltmuseum.co.uk) 
 
Figure 5. (left) Model steam train. (right) Floor plan of Level 1. (ltmuseum.co.uk) 
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Figure 6. (left) Model of 1926 bus. (right) Floor plan of Level 0.(ltmuseum.co.uk) 
 Most of the larger items (buses and trains) are kept at the London Transport Museum 
Depot in Acton. The Depot has limited hours and fewer activities, but has an impressive display 
of older trains, carriages, and buses that one can view and walk in (Figure 7). 
 
Figure 7.Electric Sleet Loco at London Transport Depot. (Chris Adams, 
flickr.com/photos/chirs_adams) 
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 Activities and special events are held frequently at the main Museum. Panels, film 
screenings, talks, discussions, engineering workshops, and evening exhibits are held a few times 
each month. Events range from the history of fashion to the exciting opportunities available in 
transport engineering. Actor-led sessions and tours are offered a few times a week, and guided 
and disabled tours are offered daily. The Activities Studio and All Aboard! exhibit on Level 0 is 
available for younger children to explore fun small sized models of trains and use blocks and 
small train models to build their own transportation system (Figure 8). The Museum also 
sponsors the Inspire program, which holds workshops every few weeks to encourage secondary 
students to pursue transport engineering and related sciences as a career. The workshops feature 
engineer planners, problem solving activities and a guided tour through London’s 
transportation. Volunteers called engineering ambassadors conduct workshops in schools, 
where they speak to students about their work as an engineer, planner or in a related career and 
strive to excite students about science, technology, engineering, and mathematics (STEM). 
 
Figure 8.AllAboard! exhibit/play area (ltmuseum.co.uk) 
 With such exciting showcases and activities to offer, London Transport Museum and 
Depot draw an average of 290,000 visits per year (Johnson 2008-2012). Their actual visitation 
rate has consistently exceeded their target since their re-opening in 2008 (Figure 9). Their 
website generates about 900,000 unique visits per year, and the target goal is to increase this 
number to 1.1 million hits per year (Figure 10). 
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Figure 9.Graph of Target and Actual Museum and Depot Visits. 
Data from London Transport Museum Yearbooks (ltmueseum.co.uk) 
 
Figure 10.Graph of Target and Actual unique Website visits. 
Data from London Transport Museum Yearbooks (ltmueseum.co.uk) 
 The London Transport Museum derives its funding from several different sources 
including grants, donations and fundraising.  As seen in Figure 10, voluntary income is the 
museum’s primary source of income, as it brings in almost half of the total revenue, largely in 
the form of core grants. Other main contributors to the total revenue are activities for generating 
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funds, such as renting out parts of the museum. The Museum’s venues are available for hire and 
in the 2011/2012 year, the facility hosted 16,000 attendees at various corporate events, 
conferences and auctions, which helped to raise profits considerably (Johnson 2011-2012, 
2012).  Admission fees and other museum operations, and education and engagement activities, 
account for a large portion of the charitable activities, shown in Figure 11, which contributes a 
substantial portion of revenue. 
   
Expenditures of the museum consist mainly of the cost of generating these funds, and 
also charitable expenses such as access and museum operations, as well as education and 
engagement programs.  The educational programs offered by the museum and the actual cost of 
operation of the museum account for over half of the total expenditures, and the resources used 
to fund these are about equal, as seen in Figure 12.  Another slightly smaller portion of the total 
expenditure of the museum is devoted to its commercial trading operations. This consists of 
museum’s subsidiary company London Transport Museum (Trading) Limited (LTMTL). The 
remaining expenses are due to the cost of generating voluntary income and also maintaining and 
acquiring collections (Johnson 2011-2012, 2012). 
Voluntary 
Income 
49.1% 
Activities For 
Generating 
Funds 
24.3% 
Charitable 
Activities 
27.3% 
Other 
0.3% 
Figure 11. Pie Chart of Income 
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The museum is a registered charity as of 2008, and relies on charitable donations for a 
small portion of its income.  The museum offers a “Gift Aid” donation program upon the 
purchase of tickets.  If a museum patron chooses the “Gift Aid” option upon purchase of their 
ticket, the tax is given to the museum, which amounts to a donation of 28p for every £1 
(Opening Times and Tickets, 2012). Other sources of donations have been generously given to 
the museum, such as from the London Transport Museum Friends, and the Luke Rees-Pulley 
Charitable Trust (Johnson 2011-2012, 2012). 
 Over the past several years, the revenues and expenditures have remained stable at 
approximately £12 million per year. However, in the 2011-2012 fiscal year, the museum saw a 
deficit of about £1.5 million, with expenditures at their highest rate in the past four years.  The 
anomalous peak in revenues in 2008 reflects the large grant that Transport for London gave the 
museum for future maintenance of the collections and facilities (Johnson 2008-2012).   
 
  
 
Commercial 
Trading 
Operations 
15.2% 
Education and 
Engagement 
30.5% 
Access and 
Museum 
Operations 
30.0% 
Other 
24.3% 
Figure 12. Pie Chart of Expeditures 
64 
 
 
 
 
 
 
 The London Transport Museum achieves its mission through the conservation of 
artefacts representing the rich history of London’s transport system and making them accessible 
to the public through a variety of exhibits and programs. The Inspire program is a relatively new 
endeavor which aims to encourage interest in STEM subjects in secondary school students.  The 
goal of our project is to bolster the Inspire program through creation of an artefact library that 
engineering ambassadors from Transport for London can use in schools to stimulate interest in 
STEM subjects. 
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Appendix B – Higgins Armory Museum Handouts 
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Appendix C – London Science Museum Handouts 
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Appendix D - Interview Script  
 
 We are students from Worcester Polytechnic Institute conducting research on the use of 
objects in museum outreach programs. With your permission, we may use your responses in an 
academic paper. Any contribution you make will be cited accordingly.  
Identifying Objects 
What are the gaps in the collection as it stands? What objects would fill those gaps? 
What was this object used for? 
When was the object in use? 
What advances in technology led to this object’s invention and what advances led to its 
retirement? 
Why is this object important? What technological gap did the object fill? 
What engineering principles does this object demonstrate? 
How might an engineering ambassador connect this object to students’ lives? 
What are difficult concepts to convey to students? 
What objects would make difficult concepts easier to convey to students? 
Are any objects in this collection less helpful in demonstrating engineering concepts? 
Storing Objects 
How do you organize objects in multiple locations? 
How are objects identified in the system? 
How does the museum keep track of objects lent out? 
Cataloging Objects 
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How does the museum catalog its items? 
What is the basis for organizations of items in catalog (chronological, material, use)? 
What type of system is used (records, online database)? 
What type of information is relevant to include on the site for each item? 
How did you find the required information for each object? 
How do you maintain the catalog? 
Object-based Programming 
How long has the program been running? 
Why was it started? 
Has the program been evaluated? What has been learned from evaluations? 
How is the program evaluated? 
How has the program changed based on feedback and evaluations? 
How are staff members trained in the use of objects? 
What works well or needs improvement in the current training? 
What do staff members expect to have gained after completing a training session? 
What planning goes into a school visit? 
How can you ensure a class is both excited and educated by a visit?  
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Appendix E - Fact Sheets
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Appendix F - Object Borrowing Agreement (contract) 
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Appendix G - Database Screen Captures 
 
 
Figure 13. Database Home Screen 
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Figure 14. Database About Page 
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Figure 15. Database Object List 
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Appendix H - Training Program Power Point and Script 
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Appendix I  - Training Session Information Handouts 
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Appendix J - Training Session Evaluation 
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Appendix K - Sample Database Survey 
 
